This study was carried out on littoral waters of Al-Habbaniya Lake to obtain baseline data on the biodiversity of zooplankton from May 2013 to March 2014 at four different study sites. Sixtyseven taxa of zooplankton were found in Al-Habbaniya Lake. of these, 46 belonging to rotifera, 13 to cladocera, and 8 to copepoda. Rotifera was the dominant group (69%), followed by copepoda (25%) and cladocera (6%). The predominant spp were Keratella cochlearis, K.valga and Brachionus calyciflorus from rotifera,while Diaphanosoma brachyurum and Bosmina longirostris were the most dominant species from cladocera. Water temperature, dissolved oxygen and pH were the main environmental variables which influenced zooplankton abundance in the lake. ShannonWiener diversity index ranged from 0.7 (copepoda) to 2.8 (rotifera), species richness inex ranged from1 (copepod) to 4 (rotifera) and evenness index fluctuated between 0.60-0.84. This meant that the species were evenly distributed in all sites sampled. Based on these findings, it is concluded that the relatively high zooplankton species diversity in the Al-Habbaniya Lake is an indication that the ecosystem of this lake is characterized as a 'steady state' type.
Introduction
Zooplankton holds a central position in the food chain of most of the lakes and reservoirs and is highly sensitive to environmental variations which as a result bring changes in their abundance, species diversity or community composition [1] .
They do not only form an integral part of the lentic community but also contribute significantly to the biological productivity of the freshwater ecosystem [2] .Several studies have demonstrated a higher richness in zooplankton species in littoral zones, especially when these are colonized by aquatic macrophytes [3] .
These organisms offer several advantages as indicators ofenvironmental quality in both lakes and rivers. As a group, they have worldwide distribution, species composition and community structure which are sensitive to changes inenvironmental conditions, nutrient enrichment and different levels of pollution [4] . Zooplankton are frequently used as biotic indicators of water quality in freshwater where community size and relationships among copepods, cladocerans, ostracods and rotifers provides valuable information on the existing physical and chemical conditions [5] .
Various indices like richness, diversity and evenness can be calculated when the data on taxonomy of different zooplankton is available [6] . To management of zoo-plankton diversity requires understanding its current status and trends over space and time. Considering the large littoral area of Lake Al-Habbaniya and the lack of studies on the zooplankton community in this areat, the present study was desigend: to update the previous zooplankton species lists in the area and provide new insights into its ecology and to assess the distribution of zooplankton species in the littoral zones.
Materials and Methods

Study site
Al-Habbaniya Lake (has a surface ranged from 184 to 426 km 2 , maximal depth of 13 m and total volume of 3.3 billion m 3 ) is fed by the Euphrates River, located at 22°36′ to 22°46′ north latitude and 89°40′ to 89°50′ east longitude. Differences in water level ranged from 3.1 to 9.4m. Water salinity was about 0.2% [7] . The bottom sediments were 40-50 cm thick in the deepest part. The bottom sediments were loamy over the whole area which had a low content of organic matter, additionally, gravel and clay were found in some places. Sampling sites were selected to represent the different littoral zones of the lake. Site 1 was situated in the eastern part of the lake. Site 2 (southern), site 3 (~western) and site 4 located in the northern part of the lake where water depth did not exceed 8 m. The littoral zones of lake are shallow and overgrown by Potamogeton perfoliatus and P. pectinatus, especially in site 1. 
Sampling design
Samples of water and zooplankton were conducted bimonthly over anannual cycle (May 2013 to March 2014). Four sampling stations representing the different sites of the lake Fig.(1) .
For physico-chemical analysis, air and water temperature were measured in the shade during the time of sampling using amercury thermometer graduated to 100 º C. Dissolved oxygen (DO), conductivity (EC) and pH were measured in situ by Lovibond Portable Multimeter Instrument; while total hardness was measured according to thestandard methods described by APHA [8] .
Zooplankton community structure
At each site and on each sampling date, triplicate samples of 40L of water were taken with a 10-L bucket. Immediately after sampling, the water was poured through the 55µm plankton net. The collected organisms were preserved in the field using 4% formalin.
In the laboratory, Rose Bengal was added to the sample for easier organisms distinguishing from other suspended matter. Each quantitative sample was concentrated to 10 ml and from this; 1 mL of sample was taken and all individual taxa present was counted by the Sedgwick rafter cell method. Identification of zooplankton was done under a microscope at different magnification with the help of keys provided by Edmondson [9] and Pennek [10] .
Zooplankton abundance andoccurrence were computed and expressed as density (ind./L) andpercentage, respectively. The occurrence frequency of zooplankton species in the lake was analyzed using the occurrence constancy index (S = n / N×100), i.e., the ratio between the number of samples in which a given species were found (n) to the total number of samples (N) collected in the lake. Generally, this index enables determining the frequency occurrence of a given species on a four-point scale, i.e., absolutely constant species (AS) ->75%, constant species (S) -51-75%, accessory species (A) -26-50%, accidental species (P) -< 25% [11] .
Diversity indices
In this study, three ecological indices were employed to estimate species diversity, Shannon-Wiener index (H), species richness index (D), and species evenness index (E). Shannon-Wiener index (H): is a measure of species abundance and evenness and is expressed as:
H= -ni/N ln ni/N Where (ni) are the number and biomass of one species, and N is the total number of individuals of all species [12] .
We also used the species richness index D=(S-1)/Log N [13] :
Where S and N represent the number of species and the total number of individuals of all species, respectively. Species equitability or evenness (E) is determined by the equation:
E=H/LnS
Where H represents the Shannon-Wiener index values and S is the number of species in samples [13] .
Statistical analysis
Analysis of variance (ANOVA) was applied to the physical-chemical variables and densities of zooplankton in order to test differences among samples (temporal patterns) and sampling stations (spatial patterns). Significant (ANOVAs P<0.05) were followed by post hoc (Tukey Honest [HSD]) tests were used to identify differences between station means. The correlation coefficient between different physico-chemical variables and the dominant zooplankton was carried out by SPSS software (version 12).
Results and Discussion Physico-chemical variables
The data on environmental parameters presented in Table 1 revealed wide variation. During the entire investigation period, the lake surface temperature fluctuated between 11 to 32 º C. The water temperature followed a seasonal pattern, with a maximum close to 32 º C in July and a minimum below 11 º C in January. The pH values ranged from 6.8 to 8.2, a finding indicates an alkaline nature of lake water. Our analysis indicates that the higher pH value was recorded during July 2013, this alkalinity could be attributed to the low level of water and high photosynthesis rate of micro-macro organisms resulting in high production of free carbon dioxide during the equilibrium towards alkaline side. Al-Saadi [14] stated that most Iraqi inland water reported as alkaline. According to Tanner et al., [15] , the pH range between 6.0 and 8.5 indicates the medium productive nature of a reservoir; more than 8.5 highly productive and less than 6.0 low productive nature of a reservoir. In the case of Lake Al-Habbaniya, mean pH value observed during the study period was 7.5 reflecting a high production of zooplankton population. Large electrical conductivity oscillations were recorded in the study area, ranging from 400 to 1104 μScm -1 with high values recorded during July (summer); nevertheless, low values were noticed in the spring. Mean EC values were higher in summer. The conductivity variation can be an important regulator of the structure of zooplankton assemblages, especially species diversity and number of species.
Al-Habbaniya Lake was well aerated with dissolved oxygen values ranged from a minimum of 7 mg/L to a maximum of 12 mg/L. The high value of hardness was recorded during winter, whereas low concentration was perceived during May with values varied from 250 to 610 mg/L.
Remarkably, inter-station variation in physico-chemical variables did not significant between stations (P>0.05). There were, however, marked significantly (P<0.05) differences in the variables with the season. According to the results of the present study, the mainly physicochemical variables (water temperature, DO, pH and EC) of the study area were found to be suitable for life cycle of identified zooplankton population. 
Zooplankton composition
A total of 67 zooplankton taxa was identified in the Lake Al-Habbaniya Table (2) . Rotifers showed the highest species richness (46 species), followed by cladocerans (13 species) and copepods (8 species). Rotifers were represented by 18 genera; the greatest richness was observed in the genus Brachionus (6 species) Cephalodella (5 species), Keratella (4 species) and Lecane (4 species). Nearly all of the taxa were euplanktonic. Among the rotifers, Keratella cochlearis, K. valga, Brachionus calyciflorus amphicerus (long spine), B. urceolaris, Polyarthera dolichoptera were the most constancy according to frequency index (Table (2) ). Among Cladocera, Diaphanosoma brachyurum and Bosmina longirostris were recorded during all months. Copepoda were predominantly represented by Nauplii and copepodids (the developmental stages of Copepoda).
On the basis of quantitative study, rotifers were the most abundant of the 3 zooplankton groups comprising 69% of the total number of organisms, followed by the copepoda (25%). The least abundant species belonged to the cladocera with 6%. The maximum rotifers abundance was recorded during January (1300 ind./L) at site 2, while the lowest number was noted during May and July (300 ind./L). Overall, highest number of rotifers was found in winter, while the lower densities were recorded in summer (Figs. (2, 3,  4 and 5) ). According to correlation coefficient, the electrical conductivity values showed negative correlation with rotifer density, while positive correlation with dissolved oxygen.
The greatest copepoda abundance (386 ind./L) was recorded site 1, while the lowest (119 ind./L) was recorded during May at site 3. Copepods nauplii accounted for 80% of the annual total density and, as mentioned above, reached their peak in March 2014. Also, the results showed a relative increase in densities of copepod and rotifer during July and September. The annual density of cladocera fluctuated between 20 to 80 ind./L with recorded peak densities in the summer. Except cladocera, one-way ANOVA revealed significant differences (P< 0.05) between the number of zooplankton species present per site, moreover, significant differences were noted between the numbers of all major groups of zooplankton present per month (P<0.05). Zooplankton community was dominated by rotifers. Such dominance could be assigned to their short generation time and high reproductive rate [16] . The great contribution of rotifers to the species richness and abundance of the zooplankton community may be due the opportunistic features of this group [17] including their wide range of foods (from filamentous algae to bacteria) and high turnover rate, which makes it possible for them to colonize even unstable environments. Rotifers and small copepods are known to be more tolerant to adverse environmental conditions than the cladocerans. Rotifers density showed significant positive correlation with total hardness. Meshram [18] reported that calcium hardness is essential for normal growth and development of many aquatic ecosystems.
The decrease in the density of cladocera and copepoda in some months could have also been due to their lower ability to take advantage of the resource.
In the present study the copepod population shows positive correlation with temperature.
Webber et al., [19] commented that copepods are much more tolerant to high temperature and oxygen deficiency. Also, the peak in cladoceran species population during summer months showed the preference of this group towards the increasing temperature along with an increase in alkalinity and pH. Increase in temperature has been associated with higher abundance and species diversity of zooplankton in aquatic ecosystems [20] .
During summer, increasing temperature enhances the rate of decomposition due to which the water becomes nutrient rich similarly due to concentration followed by evaporation in summer season the nutrient concentration increases and abundant food present in the form of phytoplankton and micro-organism to zooplankton, while low density during the spring season attributed to heavy flood and fresh water inflow [21] .
There are negative relationships between cladocera and rotifres. The negative relation between the presence of Daphina and rotifera has been well documented [22] . It has been observed that the populations of rotifers can be affected by cladocerans through the direct competition for shared resources. A strong negative relationship was found between densities of cladocera and copepoda with dissolved oxygen as obtained in the present study is attributed to low dissolved oxygen concentration during the month of summer which is the period for the maximum density of these groups.
The highest abundance of different groups of zooplankton in site 1 might be attributed to macrophyte vegetation. This observation coincided with Bozkurt and Guven [23] who stated that the abundance of cladocera in the vegetated areas was higher than unvegetated areas.
Shannon-Weiner, species richness and species evenness indices
Diversity index is commonly used as a biocriteria for the interpretation of the environmental status, as well as to measure the average degree of uncertainty within the community. The species diversity tends to be low in a stressed and polluted ecosystem [24] . A diversity index greater than 3 indicates clean water and values in the range of 1 to 3 is characteristic of moderately polluted conditions. Mason [25] pointed to that values less than 1 are characterizing heavily polluted conditions.
A summary of the total number of species, species richness indices, Shannon-Weiner indices and evenness indices are shown in Tables (3, 4 , and 5). Shannon-Wiener diversity index of the log-transformed means of zooplankton species density for the study area showed different values during the study period for all sites. Regarding rotifera, Junuary registered the highest H value (2.8) followed by 2.5 in March. While the lowest value (1.2) was recorded in July. As annual mean, the highest value of H index (2.1) was recorded in site one (Table (3)). Shannon index of cladocera revealed slight spatial variations Table (4) . When the index was monthly examined, it could be seen that Shannon index of cladocera ranged from 0.9 to 1.2. It was at the maximum limit in July and minimum values in December through January.
For the same index, the maximum value of copepoda (1.3) was recorded in July suggesting higher faunal diversity and the least diversity (0.7) was recorded in May. Other months showed values intermediate between the two extremes.
Overall, the species richness indices and evenness followed the same trend at all months. The richness indices for rotifera in different months varied from 1.8 to 4, while the evenness indices ranged from 0.6 to 0.8. Evenness indices are concerned comparatively high values were found at sites1 and 3, indicating that these two sites have much even distribution as compared to remaining sites. Values richness indices for cladocera ranged from a minimum of 1.4 to a maximum of 1.7.
While the values of E indices for this group varied between 1.4-1.7 and 0.77-0.83.
The biodiversity indices of copepoda varied from 1 to1.4 for species richness indices and fluctuated between 0.76 to 0.82 for evenness indices. There are significant differences among values obtained for both Shannonwiener diversity and species richness across months based on the results obtained using One Way ANOVA (P < 0.05). While the statistical analysis saw no drastic change in species diversity for the 4 sampling sites.
However, variations in the indices may be considered to reflect the changes in the biomass. Shannon-Weinner index and species richness index recorded the highest values in site1 indicated the effect of high vegetation. Similar observations were recorded by MaiaBarbosa et al., [26] who mentioned that the highest diversity index of the crustacean community was found among submerged vegetation in summer. Diversity values of cladoceran community was found for the sites situated among submerged vegetation which create a favorable anti-predation refuge against a number of predators, both invertebrates and vertebrates [27] .
The E index states that evenness is also a diversity index, which quantifies how equal the community is numerically and is a constraint between 0 and 1 [28] .
High evenness indices were recorded in all sites during the study periods indicated that species are more evenly distributed in Al-Habbaniya Lake. This feature affirms equitable abundance of various species and concurs with the results of Rabee [29] . Moreover, the magnitude of the diversity and richness indices is sensitive both to the degree of dominance and the number of species present. Diversity is well correlated with the number of species. In the current study, high values for diversity and richness of rotifers coincided with the high number of Keratella cochlearis. While the increase in diversity and richness values for copepoda may be attributed to the high abundance of dominant taxa like copepoda nauplii.
